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12 The Journal of Thoracic and Cardiobjective: Creation or enlargement of a ventricular septal defect is indicated in rare
linical situations. In the setting of double-outlet right ventricle requiring single-
entricle palliation, left ventricular outflow tract obstruction caused by progressive
estriction at the ventricular septal defect poses an uncommon but recognized
ilemma. In this situation surgical ventricular septal defect enlargement may be
esirable but risks damage to the atrioventricular valve or conduction system. We
eport the results of a novel technique for transcatheter creation or enlargement of
entricular septal defects as an alternative to reoperation when decompression of an
solated ventricle is indicated.
ethods: Eight patients had undergone transcatheter ventricular septal defect en-
argement or creation, and 3 of these patients had undergone 4 prior surgical
ttempts at left ventricular decompression. Ventricular aneurysms had developed in
patients before intervention.
esults: Five patients underwent ventricular septal defect creation, and 3 patients
nderwent enlargement of existing ventricular septal defects. Initial intervention
esulted in a decreased ventricular septal defect pressure gradient from 76.9 mm Hg
o 20.3 mm Hg (P  .004). There was no procedural mortality or sustained heart
lock. Two patients had moderate-to-severe atrioventricular valve regurgitation, and
required surgical repair. At last follow-up, all ventricular septal defects remained
atent, with recurrent obstruction in the majority of cases caused by muscular hyper-
rophy beyond the stent margins. In 1 patient a ventricular aneurysm has regressed in
ize. Repeat intervention reduced recurrent obstruction, but recurrence was the rule.
onclusions: When reoperation is considered high risk, transcatheter creation and
nlargement of ventricular septal defects is possible with excellent short-term
esults. Recurrent obstruction is common but responds to repeated intervention.
urther studies are required to establish clinical benefit.
reation or enlargement of a therapeutic ventricular septal defect (VSD) is
indicated in rare clinical situations. Among these are patients with a double-
outlet right ventricle (DORV) requiring surgical palliation to a single-
entricle physiology, in whom left ventricular (LV) outflow tract obstruction caused
y progressive restriction at the VSD poses an uncommon but recognized clinical
cenario. In this situation the isolated left ventricle becomes hypertensive and
ypertrophied and may be prone to arrhythmia or aneurysm formation. Decompres-
ion of the left ventricle might prevent or ameliorate these potential complications
nd improve systemic ventricular function through the relief of adverse ventricular
nteraction. However, although ventricular decompression might be desirable, sur-
ical VSD enlargement risks damage to the atrioventricular valves (AVVs) or
onduction system. We report a novel technique for transcatheter creation or
nlargement of VSDs that presents a minimally invasive alternative to reoperation
hen decompression of an isolated ventricle is indicated.
vascular Surgery ● April 2007
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Daterials and Methods
fter departmental and institutional review board approval, we
eviewed departmental databases for all patients having had trans-
atheter VSD creation or enlargement. Patients with restrictive
ulboventricular foramen, systemic ventricular outflow tract ob-
truction, or both were excluded. The remaining 8 patients, all with
ORV and cleft or straddling AVV or analogous physiology
esulting in an isolated nonsystemic ventricle, comprise the group
escribed in this report, representing a single institution’s experi-
nce spanning from 1993 through 2006. Patients presented at
everal stages of univentricular palliation. Underlying cardiac
natomy, prior surgical interventions, and mechanism of obstruc-
ion, as assessed by means of two-dimensional echocardiography,
re shown in Table 1, in which patients are arranged in chronologic
rder by the date of initial cardiac catheterization.
All 8 patients had hypertensive, isolated nonsystemic ventri-
les. Three patients had aneurysms of the isolated ventricle, and 1
Abbreviations and Acronyms
AVV  atrioventricular valve
DORV double-outlet right ventricle
LV  left ventricular
VSD  ventricular septal defect
ABLE 1. Anatomic and clinical characteristics
atient Anatomy
A D-malposition of the great arteries, DORV, straddling
cleft mitral valve with left ventricular hypoplasia
B D-malposition of the great arteries, DORV, mild
pulmonary stenosis, interrupted aortic arch, LJAA
C Congenitally corrected transposition, straddling
tricuspid valve, hypoplastic RV, coarctation
D D-malposition of the great arteries, DORV,
hypoplastic cleft mitral valve
E D-malposition of the great arteries, membranous
VSD, hypoplastic cleft mitral valve and LV, LVOTO
F D-malposition of the great arteries, DORV, pulmonary
atresia, straddling cleft mitral valve, LSVC
G tAVC, mitral valve and LV hypoplasia, complex
LVOTO and coarctation, LSVC
H Dextrocardia, situs inversus with L-loop ventricles
and L-transposition of the great arteries, cleft
mitral valve, complex LVOTO, LV hypoplasia
ORV, Double-outlet right ventricle; PA, pulmonary artery;MPA, main pulmo
KS, Damus-Kay-Stansel anastomosis; AVV, atrioventricular valve; IVS, in
eft ventricular outflow tract obstruction; BTS, Blalock-Taussig shunt; LSV
ttempts to relieve ventricular hypertension.
The Journal of Thoracicatient had sustained a cerebrovascular accident as a result of
hrombus formation in the aneurysm. Three patients had under-
one 4 prior surgical attempts at decompression of the hyperten-
ive ventricle, including 2 attempts at surgical VSD enlargement,
ttempted division of mitral valve attachments, and creation of a
amus-Kay-Stansel anastomosis.
echnical Considerations
atheterization procedures were performed after achievement of
eneral anesthesia in 6 patients and during conscious sedation in 2
atients. Access for intervention was from the femoral vessels.
ystemic anticoagulation was administered as heparin (100 U/kg
oad) with repeat doses to maintain an activated clotting time of
reater than 200 seconds. Access to the hypertensive ventricle was
ntegrade in all cases and across the fenestration in patients having
ndergone the Fontan procedure. Attempting to minimize the
ossibility of traumatic damage to the mitral valve during the
ntervention, the valve was initially crossed with an inflated bal-
oon end-hole catheter. Baseline ventriculography was performed
rom both ventricles and in multiple planes to characterize ven-
ricular septal anatomy. The decision to create a VSD or enlarge
he existing VSD was based on anatomic consideration of the
VV apparatus and the anticipated location of the conduction
ystem. In cases of VSD creation, midmuscular sites, remote from
trioventricular and semilunar valves, were targeted.
Prior operation Mechanism of obstruction
anding, atrial septectomy; Fontan
ocedure with ligation of MPA
Muscular restriction
rupted aortic arch repair, PA banding Muscular restriction
anding, coarctation repair;
directional Glenn operation; Fontan
ocedure; DKS*
Muscular restriction
anding AVV attachments to IVS
t modified BTS; bidirectional Glenn
eration, atrial septectomy,
largement of VSD,* oversewing of
PA; Fontan procedure with
largement of VSD*
AVV attachments to IVS
t modified BTS; bidirectional Glenn
eration
AVV attachments to IVS
, coarctation repair and arch
gmentation, right modified BTS;
ateral directional Glenn operation,
ntan procedure
AVV attachments to IVS
modified BTS, atrial septectomy, PDA
ation; takedown mitral valve
tachments,* BDG
AVV attachments to IVS
artery; LJAA, left juxtaposition of the atrial appendages; RV, right ventricle;
tricular septum; VSD, ventricular septal defect; LV, left ventricle; LVOTO,
t superior vena cava; tAVC, transitional atrioventricular canal. *SurgicalPA b
pr
Inter
PA b
Bi
pr
PA b
Righ
op
en
M
en
Righ
op
DKS
au
bil
Fo
Left
lig
at
nary
traven
C, lefand Cardiovascular Surgery ● Volume 133, Number 4 913
ca
w
T
s
i
r
t
a
s
w
a
w
w
o
V
fl
p
l
v
(
V
c
m
s
i
w
u
p
d
s
p
t
w
S
S
a
o
R
R
O
f
e
i
1
e
o
m
h
t
o
s
4
s
m
p
V
a
t
m
s
T
4
h
t
d
o
d
Surgery for Congenital Heart Disease Meadows et al
9
CH
DOnce a target site was chosen, a coaxial telescoping system of
atheter and long sheath with compounded curves was selected
nd assembled to deliver a wire to the target site. Two different
ire techniques were used to tunnel through the muscular septum.
he first used a 0.014-inch radiofrequency wire. The second con-
isted of the hand-bent stiff end of either a 0.014-inch or 0.018-
nch wire. Both radiofrequency wire attempts failed because of
epeated loss of wattage at the tip of the wire as it was advanced
hrough the septum in combination with the inability to control the
dvance of the wire tip. All successful procedures involved the
erial advancement of the stiff end of a wire through a shaped
oven catheter within a shaped long sheath. By using repeated
ngiographic reassessment and redirection, the stiff end of the wire
as advanced stepwise across the ventricular septum until free
ithin the systemic ventricle (Figure 1, A). Over this stiff portion
f the wire, the tip of the woven catheter was embedded in the
SD tract, and the wire was removed and replaced with the
exible end of a new floppy wire. This exchange-length wire was
assed through the created VSD, and distal position was estab-
ished with the wire tip free in the aorta or looped in the systemic
entricle. Dilations beginning with 2.5-, 3-, or 4-mm balloons
Ninja, Sub-4, or Schwarten) were then used to enlarge the created
SD (Figure 1, B). Stent deployment followed in the majority of
ases with either Johnson and Johnson Iliac or Genesis Pre-
ounted stents (Figure 1, C).
For enlargement of existing VSDs, the technique for long
heath placement was similar to that described above. However,
n these cases the appropriate woven catheter was positioned
ithin the hypertensive ventricle, and the VSD was crossed by
sing the floppy end of a 0.035-inch torque wire. Dilation was
erformed with 8-, 12-, or 15-mm VACAS balloons. Stent
eployment was performed with Johnson and Johnson Iliac
tents.
All patients having undergone VSD stenting received
eriprocedural antibiotics and were maintained on heparin over
he night after the procedure. Those with ventricular aneurysms
ilation, a newly created VSD of moderate size is demonstrated (w
utflow tract obstruction are also seen. C, Stenting of the newly
ecompressing the previously hypertensive left ventricle.ere transitioned to warfarin therapy before discharge. i
14 The Journal of Thoracic and Cardiovascular Surgery ● Apritatistical Methods
tatistical calculations were performed by using standard avail-
ble statistical software (SPSS for Mac version 11). Comparison
f means was performed by using the 2-sided paired-samples t test.
esults
esults of Initial Intervention
f the 8 patients who underwent transcatheter interventions
or creation or enlargement of VSDs, 2 had repeated cath-
terizations for ventricular decompression. At the time of
nitial catheterization, patient age ranged from 9 months to
5 years (weight, 7.7-50 kg). Three patients underwent
nlargement of an existing VSD, and 5 patients had creation
f a new defect. One patient also underwent stenting of a
uscular subaortic stenosis in an attempt to relieve LV
ypertension.
Preprocedural echocardiography demonstrated qualita-
ively normal systolic function of the systemic ventricle in 7
f 8 patients and mild dysfunction in 1 patient. Qualitative
ystolic function of the hypertensive ventricle was normal in
patients, mildly decreased in 2 patients, and moderately to
everely decreased in 2 patients. Doppler estimation of VSD
aximum instantaneous pressure gradient (available in 5/8
atients) was 20 to 105 mm Hg. The size of the preexisting
SD (in 4 patients) was 3, 3.5, 4, and 7 mm, respectively,
s measured by the width of the Doppler jet.
At initial catheterization, the mean systolic pressure in
he isolated ventricle was 170 mm Hg (range, 115-262
m Hg), with a peak systolic gradient across the ventricular
eptum averaging 76.9 mm Hg (range, 30-163 mm Hg).
he cardiac index was 3.2 L · min1 · m2 (range. 1.6-
.7 L · min1 · m2). Three patients had aneurysms of the
ypertensive ventricle, but there was no correlation between
he presence of an aneurysm and systolic pressure in the
Figure 1. Transcatheter ventricular septal defect
(VSD) creation and stenting: creation and stenting of
a VSD in a patient with a transitional atrioventric-
ular canal, hypoplastic mitral valve, complex left
ventricular outflow tract obstruction, and a restric-
tive VSD caused by obstructive attachments of the
mitral valve to the ventricular septum. A, Right ven-
tricular cine angiography during perforation of the
ventricular septum with the stiff end of a 0.018-inch
torque wire (black arrows). The wire has been ex-
changed for an exchange-length floppy wire that
has successfully traversed the intraventricular sep-
tum and right ventricular chamber. B, After balloon
arrows). A hypoplastic mitral valve and complex left ventricular
ted VSD results in a good-size interventricular communication,hite
creasolated ventricle.
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DAfter VSD creation or enlargement, the transventricular
ystolic pressure gradient decreased from 76.9 mm Hg to
0.3 mm Hg (P  .004), decreasing the systemic/nonsys-
emic ventricular pressure ratio from 1.8 to 1.2 (Figure 2). In
patient midcavitary obstruction of the hypertensive ven-
ricle resulted in a residual intracavitary gradient of 87 mm
g, despite only a 10 mm Hg gradient across the ventricular
eptum.
Patients in whom existing VSDs were enlarged tended to
ave lower degrees of ventricular hypertension compared
ith those in whom VSDs were created (isolated/systemic
entricle systolic pressure ratio, 1.4 vs. 2.1), and the mag-
itude of change after intervention was proportionally lower
51% decrease vs 79% decrease in transventricular gradient).
esults of Repeated Intervention
wo patients underwent repeated interventions. One patient
nderwent 2 reinterventions 7 and 19 months after initial
SD creation and stenting. During the 2 additional cath-
terizations, previously placed stents were dilated, and a
otal of 6 additional telescoping stents were placed. The
ther patient underwent 3 reinterventions, with subsequent
ntervention at 9, 19, and 33 months from initial dilation of
n existing VSD. During the additional 3 catheterizations, a
otal of 3 telescoping stents were placed, with 1 additional
tent placed at each procedure. Hemodynamic findings and
esults of repeat intervention are shown in Figure 3. None of
he previously placed stents were found to be fractured or
mbolized. Angiography demonstrated only mild degrees of
igure 2. Results of initial intervention. Black circles indicate
atients who underwent transcatheter enlargement of existing
entricular septal defects (VSDs). Gray squares indicate patients
ho underwent transcatheter VSD creation. Solid lines indicate
rocedures in which stenting occurred. Dashed lines indicate
rocedures involving balloon dilation without stenting. *Patient
lso underwent stenting of nonsystemic ventricular outflow tract
bstruction.n-stent stenosis, but recurrent obstruction occurred beyond c
The Journal of Thoraciche proximal and distal ends of the stents, presumably
aused by progressive ventricular hypertrophy. In nearly all
ases, transventricular pressure gradients had returned to
alues exceeding preintervention gradients of the prior cath-
terization but responded each time to the addition of fur-
her stents beyond those previously placed (Figure 4).
rocedural Details and Additional Interventions
ean procedure time was 274 minutes (range, 62-407 min-
tes). Mean total fluoroscopy time was 117 minutes (range,
4-269 minutes). Mean contrast load was 8.3 mL/kg (range,
.2-11.8 mL/kg). Additional interventions were performed
n 2 patients and included coarctation dilation, stenting of
uscular subaortic stenosis, coil embolization of collateral
essels, and Fontan fenestration closure.
omplications
here was no procedural mortality, free-wall perforation, or
ericardial effusion. Two patients experienced moderate-to-
evere AVV regurgitation, with 1 patient requiring surgical
epair. There were no cases of complete heart block requir-
ng pacemaker placement. One patient had transient left
undle branch block, and 1 patient sustained several min-
tes of complete atrioventricular block, which was hemo-
ynamically well tolerated and required no intervention.
onsustained ventricular ectopy was common and required
o specific therapy. Stent embolization occurred in 1 patient
uring an unrelated intervention, and the stent was safely
epositioned. One patient incurred an air embolism re-
ated to balloon rupture, resulting in transient ST-segment
igure 3. Results of repeated intervention. One patient (circles)
nitially underwent transcatheter ventricular septal defect (VSD)
reation and stenting with repeat dilation and stenting at all
ubsequent procedures. The second patient (squares) underwent
ranscatheter enlargement of an existing VSD. The initial proce-
ure involved only balloon dilation of the existing VSD without
tenting (dashed lines). Subsequent interventions involved both
epeat dilation and stenting (solid lines).hanges.
and Cardiovascular Surgery ● Volume 133, Number 4 915
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Dollow-up
edian follow-up from catheterization to most recent clin-
cal evaluation or surgical intervention on the ventricular
eptum was 9 months (range, 14 days–114 months). All
atients were alive, and no stent was fractured.
● Patient A, with a ventricular aneurysm and history of
a cerebrovascular accident, underwent a total of 4
interventions. Nine years after the most recent inter-
vention, the VSD stents were in good position, as
determined by means of two-dimensional echocardi-
ography, and the LV aneurysm had decreased in size.
The estimated transseptal gradient, as determined by
means of Doppler investigation, was 80 to 85 mm Hg,
with continued severe dysfunction of the hypertensive
ventricle.
● Patient B had a ventricular aneurysm and underwent a
single procedure with dilation and stenting of an ex-
isting VSD. This patient had severe regurgitation of
the nonsystemic AVV during the procedure and un-
derwent surgical mitral valve repair 1 week later. At
the time of the operation, there was a 10 to 15 mm Hg
Doppler gradient across the VSD stent. No further
follow-up is available.
● Patient C underwent a single procedure with stenting
of an existing VSD, as well as stenting of a muscular
subaortic stenosis. Despite effective ventricular de-
compression, the patient had severe protein-losing
enteropathy several months after his procedure, ulti-
mately requiring cardiac transplantation. Neither the
ventricular septum nor the subaortic area was interro-
gated before transplantation.
● Patient D underwent a single intervention consisting
of VSD creation and dilation. This patient underwent
takedown of obstructing mitral valve attachments dur-
ing performance of a scheduled bidirectional Glenn
operation 3 days after catheterization. At last follow-up
Figure 4. Mechanism of recurrent obstruction after ven
creation and stenting, muscular obstruction occurred
(arrow, A). An additional stent is positioned (open arrow
at repeat catheterization, muscular obstruction had oc
ventricle (arrow, D).2 years after the operation, the patient had undergone
16 The Journal of Thoracic and Cardiovascular Surgery ● Aprithe Fontan procedure, and the VSD was unrestrictive,
as determined by means of Doppler echocardiogra-
phy.
● Patient E had a ventricular aneurysm and underwent a
single procedure with VSD creation and stenting.
Thirty-three months of follow-up were available. At
the time of the last clinical evaluation, the VSD stents
were in good position, as determined by means of
two-dimensional echocardiography. Adequate Dopp-
ler envelopes could not be obtained for estimation of
residual VSD gradient. The LV aneurysm identified at
catheterization was not seen by means of either pre-
procedural or postprocedural echocardiography.
● Patient F underwent VSD creation and stenting at the
initial catheterization. Two subsequent interventions
involved placement of 6 additional stents. At 22
months of follow-up, the VSD stents were in good
position. The stented VSD remained patent, although
severely obstructed, with a Doppler-estimated trans-
septal gradient of 200 mm Hg. Biventricular function
remains preserved, and the dimensions of the hyper-
tensive ventricle have remained stable, as determined
by means of magnetic resonance imaging.
● Patient G’s procedure was very recently performed,
consisting of VSD creation and stenting, followed by
Fontan fenestration closure. At follow-up evaluation 5
months later, the patient was clinically well. There
remained no discernable gradient across the VSD
stent, as determined by means of Doppler echocardi-
ography.
● Patients H’s procedure was the most recent procedure
performed, consisting of VSD creation and stenting.
Echocardiography during clinical follow-up 2 weeks
later demonstrated a 21 mm Hg Doppler-estimated
gradient across the ventricular septum and minimal
ar septal defect (VSD) creation and stenting. After VSD
l to the stent on the systemic right ventricular side
and deployed (C) for relief of the obstruction. However,
ed beyond the stent in the nonsystemic hypertensivetricul
dista
, B)
currAVV regurgitation.
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Discussion
ost children with DORV are able to undergo biventricular
epair. An uncommon subset requires palliation to a single-
entricle physiology, most frequently those in association
ith complex abnormalities of the AVVs, noncommitted
SDs, and ventricular hypoplasia.1 Establishment of a uni-
entricular physiology in these patients does not exclude the
onsystemic ventricle from physiologic importance, and
ccurate characterization of the VSD remains essential.
ndeed, as early as 1952, Edwards and colleagues2 de-
cribed the consequences of spontaneous LV outflow ob-
truction in a patient with DORV. Rao and Sissman3 sub-
equently articulated the more general principle of the
physiologically advantageous VSD” and identified mor-
idities associated with spontaneous closure. These and
ther early case reports form what remains a limited clinical
xperience with VSD closure in patients with DORV.4-9 We
ave found that this complication is not unique to patients
ith DORV and can occur in any patient in whom the native
entricular outflow tract is either congenitally or iatrogeni-
ally absent, malpositioned, or severely obstructed, and the
SD constitutes the only means of egress from the nonsys-
emic ventricle. An unrestrictive atrial communication in
hese patients averts dramatic clinical presentation but does
ot obviate the need for intervention. Published case reports
n this situation are limited but suggest poor outcomes in the
bsence of intercession or with incomplete decompres-
ion.8,10,11 On the basis of this limited information, physi-
ians managing patients with isolated hypertensive ventri-
les have referred patients for surgical decompression,
espite the general risks associated with surgical interven-
ion and the specific risks inherent to this procedure, includ-
ng those attendant reoperation in patients with Fontan
hysiology and hypertrophied ventricles. Surgical trauma to
he atrioventricular node and accompanying heart block
emain significant risks with VSD creation/enlargement and
re related primarily to the location of the VSD and the
xtent of VSD enlargement necessary to achieve adequate
entricular decompression. Ideally, a VSD could be created
n the mid to apical muscular septum, remote from conduc-
ion tissue. Transcatheter approaches allow unique visibility
f, and access to, this part of the septum. Furthermore, when
estriction across an existing VSD is secondary to AVV
issue, enlargement of this defect risks loss of valve func-
ion. In this setting creation of an additional muscular defect
ight pose less risk of disrupting the AVV than dividing
ttachments.
We used transcatheter techniques to create or enlarge
SDs in 8 patients with isolated and hypertensive ventri-
les. Despite efforts to minimize risk to the AVV during the
rocedure, 1 patient experienced AVV damage requiring
urgical repair. Although it is unclear at exactly what point
n the procedure the valve damage occurred, the surgical v
The Journal of Thoracicndings suggested that it was the catheter course and the
ombination of stiff wire, catheter, and sheath that likely
ore the valve leaflet. The stented VSD was remote from the
alve and was left unaltered at the time of the operation.
atheter course–related complications might be avoided by
haping equipment more specifically to the intended course
r by maintaining a broad wire loop through the AVV and
SD during manipulations necessary for balloon dilation
nd stenting. In the future, a hybrid perventricular approach
o creating midmuscular VSDs is likely to lessen the risk of
VV damage. Although this is a small series, none of the
atients undergoing VSD creation/enlargement experienced
ore than transient procedural conduction disturbance.
Because of the rarity of the underlying anatomy and the
oorly defined risks of the isolated hypertensive left ventri-
le, the clinical benefit is impossible to determine, particu-
arly in this very small group of patients. Benefit might be
imited to those patients with established associated mor-
idities. In our series 3 patients had associated ventricular
neurysms, and 2 of these patients had severely decreased
unction of the affected ventricle. To our knowledge, ven-
ricular aneurysms have not been described previously in
atients with this physiology, and as such, the pathogenesis
f ventricular aneurysms in the present situation is not well
elineated. The combined effects of chronic subendocardial
schemia and ventricular hypertension form an attractive
ypothetical substrate for the development of ventricular
neurysms in this patient population, but this remains spec-
lative. The prognosis of ventricular aneurysms in this
ituation is unclear. Review of the literature regarding con-
enital ventricular aneurysm reveals a very poor prognosis
nd no known incidence of spontaneous resolution.12-14
nadequate follow-up precludes meaningful assessment of
he affect of transcatheter ventricular decompression on
neurysms in 2 patients. In the 1 patient with adequate
ollow-up, the ventricular aneurysm had regressed in size.
Although we were able to successfully decompress iso-
ated ventricles acutely, recurrent obstruction was common,
nd in 2 patients maintenance of an unrestrictive VSD
equired repeated interventions. The mechanism of reob-
truction was similar in both cases and was related to
ontinued ventricular hypertrophy and muscular obstruction
eyond the ends of the stents. Significant neointimal in-
rowth, myocardial prolapse, and stent fracture were not
een as mechanisms of reobstruction in our group. When
eobstruction occurred, extension of the stented defects by
eans of further stent placement resulted in reduced ob-
truction. We hypothesize that avoidance of recurrent ob-
truction requires complete resolution of obstruction and
entricular hypertension and with it the incentive for pro-
ressive ventricular hypertrophy. Only in one of our most
ecent patients have we been able to completely equalize
entricular pressures after VSD creation. Follow-up in this
and Cardiovascular Surgery ● Volume 133, Number 4 917
p
t
R
1
1
1
1
1
Surgery for Congenital Heart Disease Meadows et al
9
CH
Datient remains limited, but at the most recent evaluation,
here was no evidence of recurrent obstruction.
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